Abstract. In 1980 Smithells et al. reported that the intake of folic acid (FA) prevents the recurrence of neural tube defects (NTDs) [1] . After this and several other studies were conducted, the intake of 400 micrograms of folic acid per day, at least three months before and three months during pregnancy for prevention of NTD, was proposed [2, 3, 4] . Other strategies were also developed to increase folate blood levels in woman of childbearing age such as promoting the consumption of folate rich foods and food fortification (flour and most recently rice) [5] . Nevertheless, results have not been as expected due to poor consumption of folic acid supplements [6] . As a result, in the year 2000, a novel strategy was developed in order to increase folate blood levels in Mexican women. The results of the strategy are presented, as well as, a discussion about how to personalize a program for different populations.
Introduction
In Nuevo Leon, a state located at Northeast Mexico, close to the border with Texas, USA, there are 90,000 births/year. Since 1999, birth defects are the second leading cause of infant mortality and NTDs are the second leading cause of death for those born with a birth defect. The NTD incidence rate in 1999 was 10.6/10,000 [7] . As a result of the serious nature of NTDs, and with the knowledge that many could be prevented with adequate prenatal and early pregnancy folic acid supplementation, we started a NTD prevention campaign in the year 2000. While the recommended 400 micrograms FA dose was not available in Mexico, a 5.0 mg tablet was accessible. In addition, patient willingness to take the medication was a serious barrier.
As a result, a research protocol was established to analyze the impact of the intake of 5.0 mg of FA per week. Participants in the study were mothers with and without a history of a NTD pregnancy. Results showed that after 3 months there was a compliance rate of 91.4% and a significant increase in plasma and red blood cell folate (RBC). It is important to mention that the basal blood levels were low and post implementation, increased to 200 ng/dl (432 nMol/L) [8] . With these results, a NTD prevention program was initiated by the State Secretary of Health, together with the School of Medicine of the University of Nuevo Leon. The program included the following components: 1) a registry of NTDs in private and public hospitals, 2) information and education for both health professionals and the target population, 3) free distribution of 5 mg tablets of FA to all women at reproductive age (ap-proximately 750,000 women), 4) promotion and supervision of intake, and 5) an evaluation of the results. There was a significant reduction (50%) in the number of cases of both anencephaly and spina bifida [9] .
Controversy remains over the optimal dose of FA for NTD prevention. Studies done by Daly established that the RBC threshold for prevention is 400 ng/dl or 906 nMol/L, and more recently Crider, using different doses of FA, established that there could be a higher reduction of cases by increasing the threshold. It is important to note that Wald (2001) reported that there is a dose response relationship and also established that FA content in most of the multivitamins were sufficient to increase folate blood levels up to 400 ng/dl [10] .
Recently there have been reports that there are individual differences that modify the pharmacokinetics and pharmacodynamics of FA. Some of these differences include 1) concentration and time needed to achieve a steady-state concentration of folic acid in a woman planning pregnancy (varying from 6 months to one year), 2) poor compliance, 3) lack of pregnancy planning (50% of pregnancies are unintended), 4) differences in folic acid metabolism with a study demonstrating that administration of 5 mg/day increases by 5 the AUC in serum, but only 2 times in RBC as compared to 1 mg/day, indicating that, the body may take "as much as it needs" and limits excessive absorption, 5) a diet inadequate in folic acid, 6) degradation of natural folates, 7) use of some drugs such as oral contraceptives, that interfere with absorption, and 8) genetics. There are several studies indicating that polymorphisms exist in genes like MTHFR (Methylenetetrahydrofolate reductase) (677C > T), FAR (folic acid receptor), MTHD (Methylenetetrahydrofolate deshydrogenase), and TS (Thymidylate synthase) [10] . In a previous study, we found that 40% of women that had a child with a NTD were homozygous for the MTHFR C > T677 polymorphism compared to only 9% of mothers with a child without a NTD. In addition, 75% of mothers with affected babies were folate deficient [11] . Studies have shown that this polymorphism is very common in other Mexican populations [12] .
Other important NTD risk factors are present among the Mexican population including: 1) the antecedent of NTD (previous child or close family member), 2) obesity (45% of women in Nuevo León with a baby with a NTD were overweight/obese [13] , 3) genetic variants in the folic acid metabolic pathway or folate receptors, 4) poorly controlled type 1 or type 2 diabetes mellitus (diabetes is a serious health problem in Mexico), and 5) poor compliance with folic acid supplementation. Recently, the World Health Organization (WHO) and the US Centers for Disease Control and Prevention (CDC) published guidelines indicating that the population threshold level for RBC folate concentrations should be > 400 ng/mL (906 nmol/L) to achieve the greatest reduction of NTDs, and this can be used as an indicator of folate insufficiency in women of reproductive age. The guidelines also included rules for implementation, such as the assessment of the RBC folate status among women of reproductive age, and depending on population status, determining the need for interventions, such as fortification of staple foods with folic acid or periconceptional folic acid supplementation. Also included were guidelines as to how best reach populations at risk for insufficient folate concentrations, reassess population RBC folate status (at least 6-12 months after the intervention), make adjustments to the prevention program as necessary, and maintain a registry of cases to monitor program success [13] . In the previous study, before fortification, our population had half of this level.
Although several strategies have been implemented in Mexico, including fortification of corn and wheat flour and promotion and distribution of folic acid, it appears only a slight reduction of cases has been observed [15] . It should be considered also that the NTD registry might not be completely reliable yet. In addition, there are risks associated with higher doses of folic acid, including neurocognitive conditions, like autism; however, this has been seen only with a dose higher than 5 mg/day. There may also be a higher risk for certain cancers, but there is not sufficiently conclusive evidence for this, as more studies are needed to evaluate this risk.
A number of questions remain. Should Mexicans take 4-5 mg/day of FA for NTD prevention? Is it possible to reduce incidence of NTD in Mexico by increasing the dose of FA? Should further studies be done to ascertain RBC folate levels? Should additional folic acid be recommended by non-folate risk factors in the population? These questions must be answer in order to have a tailored made program for our country, which may be applicable to other Latin American countries as well.
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